Chemically cross-linked chitosan (MC) containing 1,2,4,5-benzenetetracarboxylic acid (BCA) as the cross-linking agent was prepared to improve the metal ions absorption capacity of native chitosan (NC) and limit its biodegradability. The Fourier transform infra-red (FTIR) and proton neutron magnetic resonance ( 1 H NMR) results showed that BCA was successfully linked onto N-position of NC. The crystalline nature of NC was reduced significantly after cross-linking as examined by X-ray diffraction (XRD) analysis. Therefore, the glass transition temperature (T g ) of MC was higher than NC as reported by differential scanning calorimetry (DSC). Moreover, thermogravimetric (TGA) analysis showed that, MC had better thermal stability than NC. Morphology changes on the surface of NC and MC were characterized by field emission scanning electron microscopy (FESEM) and showed that MC had more porous surface than NC. In pH medium of 3 to 6, MC had excellent Cu (II) ions absorption capacity with a maximum 16 % higher than NC.
Introduction
Water streams containing low-to-medium metal content are often encountered in industries. Metal ions can be toxic pollutants that are non-biodegradable, undergo transformation and have great environmental, public, health and economic impacts. Many methods have been used in handling the toxicity of heavy metals such as chemical precipitation, ion exchange, coagulation, solvent extraction, and membrane processes. Absorption is one of the few promising alternative for this purpose. In recent years, researchers been working on a number of inexpensive absorbent such as agricultural waste (e.g.: barley husk, sugar cane bagasse, wheat straw), biomass, seafood processing clay and other absorbents, that have high absorption capacities and are locally available.
Chitosan ( Fig. 1 ) is just one of the most representative bio-polymer that is used widely as the absorbent due to its excellent absorption capacities. Chitosan, which is chemically known as poly(D-1-4)-2-amino-2-deoxy-D-glucopyranose, contains reactive amine groups, which selectively binds to all group III transition metal ions but does not bind to group I and II alkali-earth metal ions [1] [2] .
However, for waste water treatment purposes, the presence of water molecules will attack the glycosodic linkage and consequently split the polymer chains of chitosan polymer. This will lead to degradation of absorbent. Therefore, great numbers of works have been done to chemically modified chitosan into cross-linked chitosan in order to minimize the degradation and to recycle the used absorbents [3] [4] . The expectation is that the cross-linking leads to the formation of permanent polymer network. However, cross-linked chitosan are associated with the reduction of absorption capacity of chitosan as compared to unmodified chitosan. The reason could be attributed to the reduction of both hydroxyl and primary amine groups, which are directly responsible for the absorption activity [4] . Even though, the cross linking will reduce the absorption capacity of chitosan as reported, but this loss of capacity can be improved by the presence of various functional groups such as carboxylic, hydroxyl and others. To date, most common cross-linkers used with chitosan are dialdehyde, diethyl squarate, oxalic acid, glutaraldehyde and diisocynate [5] In this study, 1,2,4,5-benzenetetra carboxylic monomer has been used to introduce cross-linking network into chitosan structure. The choose monomer has distinctive different from previously used monomer with several combination of different functional groups such as carbonyl, benzene and hydroxyl. It is expected that the combination will not only able to introduce cross-linking thus enhance the resistance of chitosan towards wastewater condition, but also to improve the absorption capacity at the same time. Finally, it is hope that the cross-linked chitosan able to recycled and re-used for given service duration in wastewater environment.
Results and discussion
The addition of 1,2,4,5-benzenetetracarboxylic monomer to the chitosan chain produced a covalently cross linked chitosan. The carboxylic groups of 1,2,4,5 benzenetetra carboxylic monomer are expected to form a covalent bond with that of primary amine group of chitosan (Fig. 2) . However, cross-links with hydroxyl group of chitosan were unable to be excluded because primary amine groups are much more reactive and hence more easily attacked by other modifying agents under mild conditions [6] .
Fourier Transform Infrared (FTIR) analysis
The FTIR spectrum of the NC is shown in Fig. 3 . The NC molecules could be confirmed by the presence of amine groups (NH 2 ) (3300-2500 cm -1 ) and strong peaks of N-H stretch (1560-1650 cm -1 ). Other important peaks corresponding to saccharide structure such as asymmetric stretching of C-O-C bridge (1156 cm -1 ) and skeletal vibration involving C-O (1079 cm -1 ) are also recorded. The FTIR spectrum of MC is shown in Fig. 3 . In the case of cross-linked chitosan, the C=O (1600-1650 cm -1 ) peak is clearly observed in comparison with NC. This is thought to represent the carbonyl group in anhydride cross-linking agent and cross linking reaction performed and NH 2 was converted into imides structure. The imides structure was characterized at 1774 cm -1 (C=O bonding with OH) and 1722 cm -1
(C=O bonding with NH).
In the other words, it also indicates the primary amine of chitosan (NH 2 ) converted to imides group (NH-R). The spectrum of MC also showed peaks in the region of 1561 cm -1 indicating the presence of benzene ring. Besides, the benzene ring structure also can be identified at 1650 cm -1 (aromatic C=C) and 2933 cm -1 (aromatic C-C). The physical interaction (intra hydrogen bonding) between OH groups of chitosan polymer with C=O groups of anhydride monomer was detected at 3409 cm-1. The proposed inter hydrogen bonding between CH 2 OH (functional group in a chitosan polymer chain) and NH 2 (functional group in another chitosan polymer chain) and intra hydrogen bonding between -NHCOCH 3 and HOCH 2 (functional group the same chitosan polymer chains) are shown in Fig. 4 . Consequently, other peaks showed identical spectrums compared with the NC. Therefore, it was thought that other chemical structures of chitosan were not seriously changed through the cross linking reaction.
The cross linking is expected to affect the DD of chitosan in general since theoretically, DD would reduce as cross-linking happens. In order to calculate the DD of both type of NC and MC powder, 2 peaks from IR spectrum were taken into account. The peaks are 1655 cm -1 and 3450 cm -1 taken to facilitate the calculation [7] : 
where 1655 cm -1 is the NH 2 band as a measure of N-acetyl group content and 3450 cm -1 of hydroxyl group band as an internal standard to make corrections for differences in chitosan concentration in powder. The factor "1.33" denotes the value of the ratio of A 1655 / A 3450 for fully N-acetylated chitosan. It assumed that, the value of this ratio is zero for fully deacetylated chitosan.
From calculation the DD for NC and MC are 51 % and 0 % respectively. FTIR spectra for both types of chitosan powder revealed that the intensity of NH 2 at 1637 cm -1 decreased significantly after the modification as DD value for NC powder reduced. This shows that almost 51% of the amine groups present in the NC now formed the crosslinks with carboxylic monomer.
Proton Nuclear Magnetic Resonance (

H NMR) analysis
The structural characterization of NC and MC performed by 1 H NMR technique are shown in Fig 5 and 6 , respectively. The details of structural characterization for both types of chitosan are listed in Table 1 and 2. Moreover, the presence of formaldehyde, C=O, benzene and OH signals (peaks a, b, f and i) in combination of NC structure (peaks c, e, d, g and h) at H NMR spectra of MC (Fig 6) suggested that the cross linking reaction proceeded selectively at the Npositions of chitosan backbone as expected. These results agreed well with those from IR-spectroscopy that claimed, imides structure was formed as the bridge between chitosan polymers and cross-linking agents. H NMR is one of the most powerful absolute techniques, allowing a direct determination of DA (degree of acetylation). The average DA was determined from the ratio between the area of the signals due to the hydrogen atoms pertaining to methyl moieties of acetamido groups (2.00 ppm) and the hydrogen atom bonded to C2 of glucospyranose ring (3.81 ppm). From the spectrum, the average DA of the NC and MC was determined as 47 % and 0 % respectively.
Tab. 1.
X-ray diffraction (XRD) analysis
XRD diffractogram for both NC and MC powders is depicted in Fig. 7 . Generally, both powders show a certain level of crystallinity presence in their structure with NC more crystalline in nature than MC.
The broad peak observed for NC at approximately 10° (2θ) indicates the average intermolecular distance of amorphous part and relatively sharp semi crystalline peaks are centered at around 7.9°(2θ) and 20° (2θ). Meanwhile only one broad peak at approximately 15° (2θ) is expected to be observed for the case of MC. These two distinct peaks in NC difractograms related to two types of crystals; crystal 1 and crystal 2. Crystal 1 which corresponds to the peak at 7.9° (2θ) is responsible for the separation, since it comprises functional groups like NH 2 and OH [8] [9] .
Furthermore, NC is considering as semi crystalline material due to two reasons. Firstly, the macromolecular chains of NC are able to align between themselves in ordered structure. This is due to its high level of mobility. Secondly, possibility of NC to form inter and intra hydrogen bonding and aid the crstystalline alignment of NC.
On the other hand, MC is considered as amorphous material due to the reduction in the effective α-spacing value, which can observed after the cross linking. The reduction was recorded at 201 A° (NC) and 8.6A° (MC). This reduction gives a clear picture of the shrinkage in cell size on the inter-segmental spacing, which would improve the amorphous behavior of the chitosan. Consequently, the ability of forming hydrogen bonding in MC network decreased. Modification of chitosan results in the cross-linking between its polymer chains. The anhydride monomer, which act as the cross-linking agent react with macromolecular linear chain of NC. Cross linking drastically reduces segment mobility of NC polymer and a number of chains are interconnected by the formation of a new inter chain linkage. A three dimensional network is then formed. Whatever the type of structure, network containing covalently cross-linked chitosan is considered as having a porous behavior. The porosity of the products was influenced by the chemical nature and length of the bridging units of the cross linker [10] . As our cross linking agent is long chain monomer with benzene aromatic group in the middle, thus highly porous and amorphous MC was considered and this might be ascribed to the crystallinity changes of chitosan materials upon modification. Specifically, the low temperature peak of NC powder was recorded at -50 °C ( H = 5J/g). Meanwhile, for MC similar peak was observed but at higher region of temperature -20 °C ( H = 20 J/g). Both peaks are identified as glass transition temperature (T g ). Shifting of T g to higher temperature could be attributed to an increase in rigidity of polymer chain (restriction of mobility) due to the presence of cross linking structure.
Differential Scanning Calorimetry (DSC) analysis
The second region of peak observed in the DSC thermogram was recorded at 116 °C ( H = 501 J/g) for NC and 101 °C ( H = 583 J/g) for the MC. These peaks were associated with the water holding capacity. Besides, the differences of peak area and position of water loss peak for both types of chitosan, indicating that these systems differ in their water holding capacity and strength of water-chitosan polymer interaction. As one derivative of polysaccharides, chitosan normally has a strong affinity towards water and therefore, it is easily hydrated and results in macromolecules with rather disorder structure (Fig. 9 ). Hydration properties of chitosan depends strongly on the primary and supra molecular structure [11] . Considering the chitosan structure, two polar groups, OH and NH2, can bind the water molecules. The infrared investigations found that the interaction of water with OH groups is stronger than NH 2 groups [12] . Since NC has higher number of free NH 2 but lower OH groups as compared to MC thus, the ΔH required for NC to face water evaporation process is lower than MC.
Fig. 9. Schematic of water holding capacity for chitosan molecule
Thermogravimetric (TGA) analysis
Summary of thermal degradation profile of NC and MC in temperature range of 200 to 800 °C is given in Fig. 9 . Details of the significance differences between NC and MC are outlined in Tab. 3, which has been divided into 2 stages of degradation. These stages of degradation are corresponding to weight loss of the sample.
The first thermal decomposition (25 to 150 °C) is corresponding to water loss and similar to work reported elsewhere [12] . In chitosan case, the water content is reported to be controlled by morphology, crystallinity and hydrophilicity [13] . The water loss of MC was recorded higher than NC reflects the shrink of crystallinity of chitosan after cross linking.
The second thermal decomposition was considered as main degradation which includes the deacetylation of NC and the decomposition of crosslinking agent in MC system. This will be followed by the complete thermal decomposition of the whole polymer system, involving the depolymerization and pyrolitic process, which was attained at higher than 400 °C.
Besides, at this stage of thermal decomposition begins at lower slope of degradation for MC rather than NC. Therefore, MC has better thermal stability than NC. The three-dimensional structures of MC results in higher degradation temperature as compared to linear structure of NC.
However, in chitosan polymer, the decomposition process of the N-acetylation compound is overlapped by the N-deacetylated unit, therefore, in our case, even though the DD of NC and MC was different, both types of chitosan have almost similar degradation temperature and percentage of weight loss. 
Field Emission Scanning Electron Microscopy (FESEM) analysis
The surface morphology of NC and MC is shown in Fig. 11 and 12 . At similar magnification (500 X), NC exhibits the single particle morphology while MC show agglomeration and pore structure. The agglomeration appearance was due to the formation of cross-linking network while, the pore structure exist as the presence of imides group in MC.
Elemental (Carbon, Hydrogen, Nitrogen) analysis
The results of elemental analysis of NC and MC are listed in Tab. 4. The experimental results are compared with the values calculated. The calculated value was obtained as below:
Tab. 4 (a). Elements presence in NC and
Element (%) = Total molecular weight of particular element Total molecular weight of atom X 100
The crosslinking was successfully performed since the nitrogen and carbon percentage of NC and MC have reasonable concurrence with calculated value. However, the hydrogen values for both types of chitosan are higher than the calculated value due to the absorption of water during the characterization [18] .
Solubility analysis
Summary of the solubility test results is presented in Tab. 5. As far as common organic solvents are concerned, introduction of cross-linking agent to chitosan causes MC to be insoluble in HCl.
Tab. 5. The solubility characteristics of NC and MC at various pH medium and solvents.
Type of medium Solubility properties Medium with pH  2  Soluble  Insoluble  4  Soluble  Insoluble  6  Insoluble  Insoluble  7  Insoluble  Insoluble  8  Insoluble  Insoluble  10  Insoluble  Insoluble  12  Insoluble  Insoluble  Chloroform  Insoluble  Insoluble However in H 2 SO 4 (95 % concentration) solution, MC was totally soluble. It is highly anticipated that cross-linking will have a significant influence on the solubility behavior of MC and consequently, MC is more resistant towards corrosive environment as compared to NC.
NC MC
In addition, pH is also another parameter which was also investigated prior to solubility test. It was found that, NC was totally dissolved in pH (2 to 5) while MC was completely insoluble in all range of pH (2 to 14). The limited solubility of MC is expected to cause by two reasons. Firstly, MC has higher MW and lower DD value as compared to NC due to the presence of cross-linking. Secondly, NC has higher number of free NH 2 than MC since most of NH 2 in MC are used for cross-linking. Thus, NC was dissolved completely in acidic medium (pH 2 to 5) through the protonation mechanism of NH 2 (Fig. 11) [21] . Consequently, the protonation leads to chain repulsion, diffusion of proton and counter-ions together with water inside acidic media and dissociation of secondary interaction allowing dissolving mechanism. Figure 12 show that the adsorption of Cu (II) ions towards NC and MC. The absorption capacity (mg/g) of NC and MC towards Cu (II) ions was then calculated as follows (Equation 3) [22] :
Batch absorption test
where, Q e (mg/g) is the absorption capacity of chitosan, V (L) is volume of Cu(II) ions solution, W (g) is weight of dried chitosan, C o (mg/L) is the initial Cu(II) ions concentration and C (mg/L) is the Cu(II) ions concentration at definite pH.
Generally, the absorption of Cu (II) ions increased with increasing pH of the solution.
In acidic solutions (pH 1-5), more protons will be available to protonate amine groups (NH 2 ) to form groups -NH 3 + , reducing the number of binding sites for the adsorption of Cu (II) ions. At higher pH (pH 6-7) adsorption of Cu (II) ions increases due to the decreased inhibitory, effect of H + , this decreases with the increase in pH. In the other words, the absorption sites of Cu (II) ions were increased. At pH value higher than 7, Cu (II) ions precipitation occurred simultaneously. The maximum adsorptions of Cu (II) ions on NC were found at pH 6 (51.47 mg/g) while pH 7 for MC was 59.21 mg/g. Therefore, the absorbed amounts of Cu (II) ions onto MC were considered lower, suggesting the lower chelating power of MC rather than NC.
The absorption capacities (mg/g) between our cross linked chitosan and other chitosan system were studied and compared. The details of comparison are listed in Table 6 .
Conclusions
The modified 1,2,4,5-benzenetetra carboxylic-chitosan bio-polymer was successfully prepared and characterized. From FTIR and 1 H NMR analysis, it can be ascertained that anhydride was successfully substituted at N-position along chitosan backbone. From XRD analysis, it is clear that crystalline region in chitosan is affected significantly by modification. Rigidity and thermal properties of chitosan was increased as presented by enhancement of T g value and water strength capacity. Modification of NC improves its solubility resistance in acidic medium and some of organic solvent. Therefore, MC is a better absorbent than NC in wastewater treatment. Crosslinking increased the absorption capacity (Q e ) of chitosan at pH medium of 3 to 6 and ensured the stability of chitosan in these medium.
Experimental part
Purification of 1-methyl-2-pyrollidone (NMP) solvent
Prior to synthesis, NMP solvent was purified accordingly. The mixture of NMP solvent, calcium hydrate and anti bumping granule was extracted under dried N 2 environment at 220 °C (reflux temperature for NMP solvent).
Synthesis of 1,2,4,5-benzenetetra carboxylic -chitosan powders
Solution of 1,2,4,5-benzenetetracarboxylic acid (2.8 g) was dissolved in freshly distilled NMP solution (40 ml) in 3-neck round bottom flask under nitrogen atmosphere. Native chitosan powder (2.0 g) in acetic acid (0.1 M) was dropped into the solution through dropping funnel for ½ hour with stirring under reflux at 200 °C.
The reaction continues for another 4 hours until the clear solution was obtained. The clear solution was dissolved in distilled water at ratio of 1:20 for 1 day followed by filtering of the precipitate obtained inside the distilled water. Then the residue of filtering was collected and dried in vacuum oven for 24 hours at 35 °C before extraction with chloroform for 24 hours at 60 °C. Then the reflux product was washed with methanol (4 times) continued by acetic acid (0.1 M) and lastly with NaOH (0.1 M) before it was dried in conventional oven at 60 °C.
Fourier Transform Infra-Red (FTIR) analysis
The FTIR analysis was recorded in the range of 4000 to 400 cm -1 at resolution of 4 cm -1 using FTIR machine Model Perkin Elmer. All the spectra were scanned for 4 times before the spectrum was confirmed.
Proton Nuclear Magnetic Resonance ( 1 H NMR) analysis
1 H NMR spectra were recorded at 300 MHz, on a Bruker A %X-300 spectrometer at 35 °C using acetic acid (NC) and sulfuric acid (MC) as the solvent.
X-Ray Diffraction (XRD) analysis
X-ray diffractograms of NC and MC samples were obtained using a Bruker AXS D 8 diffractometer under the following conditions: 40 kV and 40 mA with Cu Kα 1 radiation at 1.54184 Ǻ and acceptance slot of 0.1 mm. About 20 mg of sample was spread on a sample stage, and the relative intensity was recorded in the scattering range (2θ) of 5°-40°.
Differential Scanning Calorimetry (DSC) analysis
DSC machine used was Perkin Elmer Model. Dry NC and MC samples (5-8 g) were placed in an aluminum cup and sealed. Empty cup was used as reference and runs were performed in duplicate. Samples were analyzed under continuous flow of dry N 2 gas (10 ml min .
Field Emission Scanning Electron Microscopy (FESEM) analysis
The micro structural study of the sample were observed using FESEM (Model Zeiss Supra 35 VP). Prior to FESEM analysis, the sample was coated with gold palladium suing sputtering method before the characterization.
Elemental analysis
The elemental composition of NC and MC samples were determined using Perkin Elmer PE 2400 CHN and CHNS elemental analyzer.
Solubility test
The solubility of the NC and MC samples were evaluated in aqueous media at wide range of pH (2, 4, 6,8,10 and 12) . The organic solvent such as chloroform, dimethyl acetamic (DMAC), HCl (95 %) and H 2 SO 4 (35 %) also were used in solubility test. The NC and MC were dissolved in these solutions at 35 °C for 24 hours with continuous stirring.
Batch absorption test
Stock solution (1000 ppm) of Cu (II) ions was prepared by using CuNO 3 . The stock solution was then diluted to give standard solutions of appropriate concentrations (5ppm). Batch experiments were conducted in 250 ml beakers and equilibrated using a magnetic stirrer. Then aliquots of these standard solutions (100 ml) were placed in 250 ml beaker and NC or CC (0.010 g) was added. After filtration, the concentrations of Cu (II) ions in supernatant were analyzed at wavelength of 249 nm using an atomic adsorption spectrometer (Perkin Elmer 3100 Model). The effect of pH (in range of 1-14) was studied. The pH of initial solution was adjusted to the required pH value using either HCl (0.1 M) or NaOH (0.1 M).
